Table 1 — Species added or revised in GEOS-Chem

Summary of New Species and Reactions for Isoprene and Monoterpene Oxidation

Species | FullName | Adv.? | Formula | MW g | FO | H* DD H* W |[CR W
ISOPRENE CHEMISTRY
ACTA acetic acid Yes C2H40, 60 1.0 4.1E3 4.1E3 6.3E3
HPALD hydroperoxyaldehydes Yes CsHsOs 116 0.0 4.0E4 NA NA
HPC5202 See MCM v3.3.1 for full structure No CsHyOp 165 NA NA NA NA
HC187 epoxide oxidation product m/z 187-189 No NA 187 Scaled relative to HNO3? | NA NA
DHDN c5 dihydroxydinitrate Yes CsH100gN2 | 226 Scaled relative to ISOPN® | 2E6 9.2E3
DHDC di-hydroperoxide dicarbonyl No CsHgOs 164 NA NA NA NA
DHPCARP | dihydroxy a-formyl peroxy radical No CsHyO7 181 NA NA NA NA
ETHLN ethanol nitrate Yes CoH303N | 105 Scaled relative to ISOPN® | 2E6 9.2E3
GLYX glyoxal Yes C2H:20; 58 1.0 3.6E5 3.6E5 7.2E3
HCOOH formic acid Yes CH.0; 46 1.0 8.9E3 8.9E3 6.1E3
H202 hydrogen peroxide Yes H20: 34 1.0 5.0E7 5.0E7 7.4E3
IEPOXA trans-3 isoprene epoxydiol Yes CsH1003 118 1.0 8.0E78 8.0E7 0d0
IEPOXB cis-B isoprene epoxydiol Yes CsH1003 118 1.0 8.0E78 8.0E7 0do
IEPOXD d isoprene epoxydiol Yes CsH1003 118 1.0 8.0E78 8.0E7 0d0
ISN1 nighttime isoprene nitrate Yes C5HgNO4 | 146 Scaled relative to ISOPN® | 2.0E6 9.2E3
RIPA 1,2-1ISOPOOH Yes CsH1003 118 1.0 1.7E6 1.7E6 0.0
RIPB 4,3-1ISOPOOH Yes CsH1003 118 1.0 1.7E6 1.7E6 0.0
RIPD 8(1,4 and 4,1)-ISOPOOH Yes CsH100s3 118 1.0 1.7E6 1.7E6 0.0
SOAIE® aerosol-phase IEPOX Yes CsH1003 118 0.0 NA NA NA
IMAE C4 epoxide from oxidation of MPAN (PMN) | Yes C4HsO3 102 1.0 1.2E5 1.2E5 7.2E3
SOAME aerosol-phase IMAE Yes C4HgO3 102 0.0 NA NA NA
SOAGX aerosol-phase glyoxal Yes CoH20, 58 0.0 NA NA NA
SOAMG aerosol-phase methylglyoxal Yes C3H40, 72 0.0 NA NA NA
LVOC gas-phase Iow—volatilit_y nqn—IEPOX product | Yes CsH1405’ 154 1.0 1E8 1E8 7.2E3
of ISOPOOH (RIP) oxidation
LVOCOA aerosol-phase LVOC Yes CsH1405 154 0.0 NA NA NA
MGLY methylglyoxal Yes CsH402 72 1.0 3.7E3 3.7E3 7.5E3
ISN1OG gas-phase second generation h_ydroxynitrates Yes CsH100gN2 | 226 1.0 2.3E4 2.3E4 9.2E3
formed from ISOP+NOjs reaction pathway
ISN10A aerosol-phase ISN10G Yes CsH100gN2 | 226 0.0 NA NA NA
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PMN peroxymethacryloyl nitrate (MPAN) Yes C4Hs0sN 147 Scaled relative to PAN* NA NA
PPN peroxypropionylnitrate Yes C3Hs0sN 135 Scaled relative to PAN* NA NA
MONOTERPENE CHEMISTRY
. . . Yes *Lumped 136 0 0.049 0.049 0
API alpha-pinene and other cyclic terpenes with APIN+BPIN
one double bond +SABI+CA
RE
AP102 RO, from API No NA NA NA NA NA
limonene and other cyclic terpenes with two | S “Lumped 136 0 0.07 0.07 0
LIM LIMO+MY
double bonds RC+OCIM
LIMO2 RO, from LIM No NA NA NA NA
PIP peroxides from API & LIM No NA NA NA NA
OLND monoterpene-derived NOz-alkene adduct that | No NA NA NA NA
primarily decomposes
monoterpene-derived NO3 adduct that No NA NA NA NA
OLNN S .
primarily retains NO3
MONITS saturated first generation monoterpene Yes NA 215 Scaled to ISOPN? 1.7E4 9200°
organic nitrate
MONITU Unsaturated first generation monoterpene Yes NA 215 Scaled to ISOPN? 1.7E4 9200°
organic nitrate
HONIT Second generation monoterpene organic Yes NA 215 Scaled to ISOPN? 2.69E1 | 5487°
nitrate 3
ONITAam Aerosol—phase orga?lc nitrate formed from Yes NA
isoprene precursors
ONITApM Aerosol-phase organic nlltrate formed from Yes NA
monoterpene precursors

LJenny Fisher: These names should be changed (they were originally daytime/nighttime species, but changed to isop/monot). I left them as is here because
they’ll need to change below as well and I didn’t want to mess things. Scavenging efficiency = 0.8.

2DVZ = DVZ *sqrt(XMW(HNO3)/sqrt(XMW(N)) — based on Nguyen et al, 2015

3DVZ = DVZ *sqrt(XMW(ISOPN)/sqrt(XMW(N)) — based on Nguyen et al, 2015

4DVZ = DVZ *sqrt(XMW(PAN)/sqrt(XMW(N)) — based on Nguyen et al, 2015

SBrowne et al, 2014

5The same gas-phase and aerosol-phase molecular weights areused for SOAIE because the organic and inorganic aerosol components are treated
separately (externally mixed) in GC. The aerosol uptake mechanism takes into account aerosol-phase processing of IEPOX to form polyols,
organosulfates, organonitrates. See Marais et al. (2016) for more details.

"The chemical formula is to represent the average molecular weight of a range of LVOC compounds identified by Krechmer et al. (2015).
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8Uptake to aerosols is treated differently. H* for IEPOX uptake to aerosols is 3.3E7. From Eloise: odd though that it’s lower than the dry dep value. I use
2.7E6 for IEPOX dry dep in my code. (Higher value comes from Nguyen et al, 2014). Possibly should reconsider H* for aerosol uptake.

Table 2- Updated Isoprene-Related Reactions to be added to GEOS-Chem

. Old Rate Reference New Reaction New Rate Constant | Reference
Old Reaction
Constant
Reactions with OH
HC187 + OH = 0.5MCO3+ 0.5MGLY + | 1.4E-11 Reaction and Rate: Bates et
i i - 0.5HO; + 0.5CO + CH,0 al. (2014)
HPALD + OH = 0.365HPC5202 + 5.1E-11 Reaction: Peeters and Miiller,
- 0.085GLYX + 0.085MCOs3 + 2010
i i 0.55MGLY + 0.55 CO + 0.55CH,0 + Rate: Wolfe et al., 2012
0.6350H + 0.085C0O,™
_ Reaction and RIPA + OH = 0.750RI0, + 0.250HC5 + | 6.13E-12exp(200/T) | Reaction: St. Clair et al., 2016
EIGBP1§OOHH+_006?L%,T—|F2(5)2 * ‘1"21?5'(200”) Rate: Paulot et | 0.125(0H + H,0) Rate: St. Clair et al., 2016
' ' al. (2009b) Paulot et al., 2009b
- RIPB + OH = 0.480RIO; + 0.520HC5 + | 4.14E-12exp(200/T) | Reaction: St. Clair et al., 2016
- - 0.26(OH + H.0) Rate: St. Clair et al., 2016;
Paulot et al., 2009b
- RIPD + OH = 0.250RI0, + 0.750HC5 + | 5.11E-12exp(200/T) | Reaction: St. Clair et al., 2016
- - 0.375 (OH + H20) Rate: St. Clair et al., 2016;
Paulot et al., 2009b
1 9E- Reaction and RIPA + OH = 0.8500H + 0.578IEPOXA | 1.70E-11exp(390/T) | Reaction: St. Clair et al., 2016
RIP + OH = OH + IEPOX liexp(390/T) Rate: Paulot et | + 0.272IEPOXB + 0.150HC500% Rate: St. Clair et al., 2016;

Paulot et al., 2009b

al. (2009b)

RIPB + OH = 1.0000H + 0.680IEPOXA
+ 0.320IEPOXB

2.97E-11exp(390/T)

Reaction: St. Clair et al., 2016
Rate: St. Clair et al., 2016;
Paulot et al., 2009b

RIPD + OH = 0.5000H + 0.5001EPOXD
+ 0.500HC500

2.92E-11exp(390/T)

Reaction: St. Clair et al., 2016
Rate: St. Clair et al., 2016;
Paulot et al., 2009b

IEPOX + OH = [EPOXOO

5.78e-11exp(-
400/T)

Reaction and
Rate: Paulot et

IEPOXA + OH = IEPOX0O0O

3.73E-11exp(-
400/T)®

Reaction: Bates et al., 2014
Rate: Bates et al., 2014;
Paulot et al., 2009b

al. (2009h)

IEPOXB + OH = IEPOX0O0

5.79E-11exp(-400/T)

Reaction: Bates et al., 2014
Rate: Bates et al., 2014;




Paulot et al., 2009b

IEPOXD + OH = IEPOX0O0

3.20E-11exp(-400/T)

Reaction: Bates et al., 2014
Rate: Bates et al., 2014;
Paulot et al., 2009b

Reaction and

ISOPND + OH = 0.11IEPOX +

1.2E-11exp(652/T)

Reaction: Jacobs et al., 2014

ISOPND + OH =ISOPNDO; 2.64E- Rate: Paulot et | 0.91SOPNDO; + 0.1NO; Rate: Lee et al., 2014
11exp(380/T) al. (20092)
3.61E- Reaction and ISOPNB + OH = 0.1IEPOX 2.4E-12exp(745/T) Reaction: Jacabs et al., 2014
ISOPNB + OH =ISOPNBO; ' Rate: Paulot et | +ISOPNBO,+ 0.1NO> Rate: Lee et al., 2014
12exp(380/T)
al. (2009a)
Reaction and PROPNN + OH = NO; + MGLY 6.7E-13 )
PROPNN + OH = NO; + 8.0E-13 Rate: Paulot et Reaction: Same
MGLY ' al. (2009a)
Rate: MCMv3.3
RO, + NO Reactions
- DHPCARP + NO = GLYX + MGLY + 2.7E-12exp(360/T) Reaction and Rate: Jenkin et
i i NO, + OH al., 2003, 2015
- HPC5202 + NO = GLYX + MGLY + 2.7TE-12exp(360/T) Reaction and Rate: Jenkin et
) i NO; + OH al., 2003, 2015
RI1O2 + NO = 0.883NO> + Reaction and RIO2 + NO = 0.91NO; + 0.82HO; + 2.7TE-12 exp(350/T) Reaction: Liu et al., 2013;
0.783HO; + 0.660CH.0 + Rate: Paulot et | 0.82CH.0 + 0.476MVK + 0.344MACR Fisher et al., 2016
0.400MVK + 0.260MACR + | 2.7E-12 al. (2009a) + 0.058HCs + 0.03DIBOO + Rate: Paulot 2009a
0.0701SOPND + exp(350/T) 0.009ISOPND + 0.0811SOPNB
0.0471SOPNB + 0.123HCS5 +
0.1DIBOO
IEPOXOO0 + NO = Reaction and IEPOXOO0 + NO =0.117HAC 2.7TE-12exp(350/T) Reaction: Bates et al., 2014
0.725HAC+0.275GLYC+0.27 Rate: Paulot et | +0.088GLYC+0.088GLY X Rate: Paulot et al., 2009b
5GLYX +0.275MGLY 2.7E- al., 2009b +0.088MGLY+ 0.1250H+
+0.1250H+0.825H0,+0.200 | 12exp(350/T) 0.825H0,+0.8C0O»+0.375CH,0
C0O2+0.375CH.0+0.074HCO +0.142HCOOH+0.678CO+N0O,+0.473H
OH +0.251CO +NO> C187+0.058C0,®
ISOPNDO; + NO = K* (1-YN) Reaction and ISOPNDO; + NO = 0.019MACRN + 2.4E-12exp(360/T) Reaction and Rate: Lee et al.,
0.070MACRN + where YN is Rate: Paulot et | 0.057HCOOH +0.27HAC + 2014
0.310HCOOH + 0.440HAC + | returned from | al. (2009a) 0.210ETHLN + 0.15CH,0 + 0.790NO>
0.130ETHLN + 0.650CH20 + | fyrno3.f +0.3GLYC + 0.3PROPNN + 0.61HO; +
1.340NO; + 0.150GLYC + K=2.7E-12 0.27DHDN + 0.075MVKN +
0.310NO;z + 0.150PROPNN + | exp(350/T) 0.057ISOPNDO, ®

0.340MEK + 0.350HO;

(Xcarbn=4.00E
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K* (1-YN) Reaction and ISOPNBO; + NO = 0.09GLYC + 2.4E-12exp(360/T) Reaction and Rate: Lee et al.,
where YN is Rate: Paulot et | 0.09HAC + 0.70CH,O™ + 0.88NO; + 2014
ISOPNBO; + NO = 0.6GLYC | returned from al. (2009a) 0.44MACRN + 0.69HO; + 0.26MVKN
+ 0.6HAC + 0.4CH;0 + fyrno3.f + 0.21DHDN
1.6NO; + 0.26MACRN + K=2.7E-12
0.4HO; + 0.14MVKN exp(350/T)
(Xcarbn=4.00E
00)
RO + HO, Reactions
i ) - DHPCARP + HO, = RCOOH 2.05E-13exp(1300/T) | Reaction and Rate: Jenkin et
al., 2003, 2015
- HPC5202 +HO, = RCOOH© 2.05E-13exp(1300/T) | Reaction and Rate: Jenkin et
) . al., 2003, 2015
_ Reaction: RIO; + HO,= 0.628RIPA + 0.272RIPB 2.06E- Reaction: St. Clair et al.,
g'l%ui%amﬂgig’; iég*lEE)'(P (t300/ | PaUIOL etl. | +0.087RIPD +0.063 (OH+ CH.O + | 13%xp(1300/T) 2015; Liu et al., 2013
0.073MVK + 0.12HO, + T)[1-EXP(- (2009b) HO;) + 0.038MVK + 0.025MACR Rate: Saunders et al. (2003)
0.12CH,0 0.245%n)], n=5 | Rate: Saunders
' ' ’ et al. (2003)
IEPOXOO0 + HO, = Reaction: IEPOXOO0 + HO, = 0.085HAC 2.06E- Reaction: Bates et al., 2014
0.725HAC + 0.275GLYC + 2.91E- Paulot, et al. +0.025GLYC + 0.085GLY X+ 13*exp(1300/T) Rate: Saunders et al. (2003)
0.275GLYX + 0.275MGLY + | 13*EXP(1300/ | (2009b) 0.085MGLY + 1.1250H+ 0.825HO»+
1.1250H + 0.825H0O; + T)[1-EXP(- Rate: Saunders | 1.1C0,+0.375CH,0 + 0.278HCOOH +
0.200CO; + 0.375CH;0 + 0.245*n)], n=5 | et al. (2003) 0.6CO + 0.44HC187+0.072C0O,®
0.074HCOOH + 0.251CO
ISOPNDO; + HO, = Reaction: ISOPNDO; + HO; = 0.01MACRN + 8.7E-14*exp(1650/T) | Reaction and Rate: Lee et al.,
0.035MACRN + Paulot, et al. 0.2HAC + 0.2ETHLN + 0.07CH.0 + 2014
0.155HCOOH + 0.22HAC + 2.91E- (2009b) 0.23GLYC + 0.23PROPNN + 0.5HO, +
0.065ETHLN + 0.325CH,0 + | 13*EXP(1300/ | Rate: Saunders | 0.50H + 0.06MVKN + 0.5ISNP©
0.170NO; + 0.075GLYC + T)[1-EXP(- et al. (2003)
0.155N0O3 + 0.075PROPNN + | 0.245*n)], n=5
0.170MEK + 0.175HO; +
0.50H + 0.5ISNP
ISOPNBO; + HO; = 2 91E- Reaction: ISOPNBO; + HO; = 0.06GLYC + 8.7E-14*exp(1650/T) | Reaction and Rate: Lee et al.,
0.3GLYC + 0.3HAC + 1é*EXP(1300/ Paulot, et al. 0.06HAC + 0.44CH:0 + 0.28MACRN + 2014
0.2CH;0 + 0.13MACRN + T)[L-EXP(- (2009Dh) 0.16MVKN + 0.06NO; + 0.44HO; +
0.07MVKN + 0.3NO; + 0.245%n)], n=5 Rate: Saunders | 0.50H + 0.5ISNP©
0.2HO; + 0.50H + 0.5ISNP ' ’ et al. (2003)
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RO, + MO,/R0O;, Reactions

RIO; + RIO, = 1.28HO; + No reference RIO; + RIO, = 0.91HO; + 0.75CH,0 + 2.3E-12 Reaction and Rate: Xie et al.,
0.92CH,0 + 0.56MVK + 1 54E-13 cited on wiki 0.45MVK + 0.29MACR + 0.09DIBOO 2013
0.36MACR + 0.48ROH + ' page? + 1.11HC5+ 0.29CO
0.5HC5
Reactions with O3
Reaction and ISOPNB + O3 = 0.05HO; + 0.11IMVKN | 3.7E-19 Reaction and Rate: Lee et al.,
Rate: + 0.32MACRN + 0.16HCOOH + 2014
Lsggglo?\ﬂlgfqﬁi%lg';gﬁ(y 1 06E-16 Lockwood et 0.0.050H + 0.62CH,0 + 0.36CO; +
CH,O al., 2010 0.21CO + 0.06PROPNN +
0.36PROPNN® + 0.1MVKN +
0.41HNO; ©
Reaction and ISOPND + O3 = 0.06NO; 2.9E-17 Reaction and Rate: Lee et al.,
Rate: +0.24PROPNN + 0.26ETHLN + 2014
ORI e = OOPROPNN | 53817 Lockwood et | 0.370H + 0.24GLYC + 0.26HAC +
0.5GLYC + 0.5HAC al., 2010 0.63CO; + 0.24MOH + 0.09EOH +
' ' 0.2CH;0 + 0.1MCO3 + 0.06GLY X +
0.16HAC + 0.14PROPNN + 0.3HNO3®
ISN1 + O3 = 0.3R4N; + 4 15E- No reference ISN1 + O3 =0.3PROPNN + 0.7GLYX + | 4.15E-15*exp(- )
0.7GLYX + 0.7NO; + 15%exp(- cited on wiki | 0.7NO2 + 0.25CH20 + 0.25MOH + 1520/T) Reaction: Change R4N2 to
0.25CH;0 + 0.25MOH + 1520/T) page? 0.5HO2 + 0.5CH20 PROPNN as we now track the
0.5HO, + 0.5CH,O specific species formed©
Reactions with NO3 leading
to ISN10OG aerosol
precursor
Reaction and ISNOHOO + NO - 0.894PROPNN + No change Reaction: Redistribute
ISNOHOO + NO > Rate: Xie et 0.934HO; + 0.919GLYX + 0.04ISN10G carbo_n_s to fé)rm 4% I_ow—
2.6E- al., 2012 volatility 2" generation
0.934R4N2 + 0.934HO, + N -
0.919GLYX 12*exp(380/T) hydroxynltra_te aerosol
precursor (Yield measured by
Rollins et al. 2009).
2.06E- Reaction and ISNOHOO + HO; - 0.96INPN + No change Reaction: Same as above
ISNOHOO + HO; = INPN 13*exp(1300/T | Rate: Xie et 0.04I1SN10G
) al., 2012
ISNOHOO + MO; > Reaction and ISNOHOO + MO; - 0.660PROPNN + | No change Reaction: Same as above.
0.7R4N2 + 0.7GLYX + 2E-13 Rate: Xie et 0.7GLYX + 1.2HO> + 0.75CH20 +
1.2HO, + 0.75CH,0 al., 2012 0.04I1SN10G
ISNOOA + NO3 2 NO, + 4E-12 Reaction and ISNOOA + NOs; 2 NO, + No change Reaction: Same as above.
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R4N2 + CO + HO, Rate: Xie et 0.96PROPNN + CO + HO; +
al., 2012 0.041SN10G
ISNOOA + NO = NO, + 6.7E- EZ?:_'[l)o(?ea;d Lsgg?rﬁ 5 N+Ooz4l|\|sc|)\flg %QGPROPNN No change Reaction: Same as above.
R4N2 + CO + HO; 12%exp(340/T) | - 5010 2
Reaction and ISNOOA + HO; - 0.75RP + No change Reaction: Same as above.
ISNOOA + HO, - 0.75RP + | 5.2E- Rate: Xie et 0.25RCOOH + 0.2503 + 0.96NO, + Also included NO- as product.
0.25RCOOH + 0.2503 13*exp(980/T) | al., 2012 0.04ISN10G N not balanced in original
reaction.
Reaction and ISNOOB + NO3z = 0.94PROPNN + No change Reaction: Same as above.
ISNOOB + NOs = RAN2+ | 5 5¢ 15 Rate: Xieet | GLYX + 2NO; + 0.04ISN10G )
GLYX + 2NO; al. 2012
ISNOOB + NO = 0.94RAN? | 2 6E- Eg?é:_u;ri\eaentd :)Sgl\il(();%B(; T?SZI\?OQPFSEZ]IEI\-JZOG No change Reaction: Same as above.
+ 0.94GLYX + 1.88NO; 12*exp(380/T) al—2.012 ' ' 2r e
2.06E- Reaction and ISNOOB + HO2 = 0.96INPN + No change Reaction: Same as above.
ISNOOB + HO; = INPN 13*exp(1300/T | Rate: Xie et 0.04I1SN10G
) al., 2012
ISNOOB + MOz - 0.7R4N2 Reaction and ISNOOB + MO2 - 0.66PROPNN + No change Reaction: Same as above.
+0.7GLYX + 0.7NO; + PE-13 Rate: Xie et 0.7GLYX + 0.7NO; + 0.75CH20 +
0.75CH,0 + 0.25MOH + al., 2012 0.25MOH + 0.5HO2+ 0.04ISN10G
0.5HO;
Isomerization Reactions
- DHPCARP = RCOOH + CO + OH 2.9E7*exp(-5300/T) | Reaction and Rate: Crounse
) i etal., 2012
- DHPCARP = DHDC 1.28E7*exp(-5300/T) | Reaction and Rate: Crounse
] i etal., 2012, 2013
Reaction: R102 = 0.5HPALD + 0.5DHPCARP 4.07E8*exp(- Reaction: Peeters et al. (2014)
K .
RIO, = 2HO, + CH,0 + L0708 (Sztg\{g;kou etal. 7694/T)® Rate: Crounse et al. (2011)
0.5MGLY + 0.5GLYC + e>'<p(-7694/T) Rate: :
0.5GLYX +0.5HAC + OH P
Crounse et al.
(2011)
Photolysis Reactions
DHDC = MGLY + GLYX + 20H® JHPALD Reaction and Rate: Crounse
) ) ) etal., 2012
HPALD = OH + HO; + Rate is Reaction: HPALD = 0.5MGLY + 0.39HAC + Rate is equivalent to | Reaction: Peeters et al., 2014

0.5GLYC + 0.25GLYX +

equivalent to

Stavrakou et

0.11GLYC + 0.11IMCOs + 1.89CO +

MACR photolysis

Rate: Peeters and Miiller,
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0.25MGLY + CH20 +
0.5HAC

MACR
photolysis

al., 2010
Rate:
Peeters and
Miuiller, 2010

0.89HO; + 20H

2010

ISN1 = NO; + HO2 + 0.5GLYC +
0.25GLYX + 0.25MGLY + CH0 +

Rate is equivalent to

Reaction: Products based on
HPALD (Muller et al., 2014,
Stavrakou et al., 2010) but
with NO; instead of HO;

- 0.5HAC MACR photolysis
Rate: Same as HPALD (Chris
Chan Miller suggestion)
Hydrolysis Reactions
ONITAam = INDIOL + HNO3 2.78e-04 st Reaction:
) - - Rate: imposed lifetime = 1
hour (Fisher et al, 2016)
ONITApm = INDIOL + HNO3 2.78e-04 st Reaction:

Rate: imposed lifetime =1
hour (Fisher et al, 2016)

@IEPOXOO0 + NO2: Other organic products were identified by Bates et al. (2014). These structural isomers are replaced with CO for the epoxide
product, peroxyacetyl nitrate. The product “0.058CQO;” is a placeholder to balance carbon. IEPOXOO + HO2: The product “0.072CO.” is a placeholder

to balance carbon.

®)The yields are not identical to the Lee et al. (2014) values, and there is artificial recycling of ISOPNDO; to account for non-unity reactants (i.e. in Lee

et al. (2014), one ISOPNDO: reacts with 1.061SOPNDO).
©1n Lee et al. (2014), a C5 hydroperoxide is formed (ROOH). In order to close the nitrogen budget, this would have to be ISNP.

@Replace CANACID in Lee et al. (2014) with PROPNN.
©HNO3 added to this reaction to close the nitrogen budget, as we replace ethyl nitrate with its oxidation product, peroxyacetyl nitrate.
(OReaction is assumed to proceed through the same mechanism as HPALD.
©@Jenny Fisher: We updated this in SEAC4RS to reflect that PROPNN is formed from this nighttime pathway (not generic species R4N2) — same for
subsequent reactions. I can’t remember the reference, I think it may have been in conversation with the Wennberg group.
OEloise Marais: In my mechanism | used the Jacobs et al., 2013 A-value of 1.37E-10. If the mechanism is used as presented here, | might need to
calculate a new Henry’s Law constant for IEPOX uptake.
0 1n my mechanism I form 0.005LVOC from RIP oxidation, where LVOC is the aerosol precursor. Your reactions could be rewritten to form
0.005LVOC (some 5-carbon low volatility aerosol precursor) from RIPA, RIPB, and RIPD by taking 0.005IEPOX away from the products. Something
like this: RIPA + OH 00 0.8500H + 0.5761EPOXA + 0.269IEPOXB + 0.150HC500 + 0.005LVOC. This would have little impact on gas-phase IEPOX

concentrations. Jason St. Clair/Kelvin Bates may be able to provide you with a more rigorous suggestion.

®For this reaction, we might also consider a different rate constant from Peeters et al. (2014) that is 1.8 times faster than Crounse et al. (2011).
[0.62*(9.5E7*exp(-7009/T) + 1.79E-7*exp(3722.5/T)*ktr)] + [0.31*(3.80E13*exp(-10745/T) + 5.82E-2*exp(476.3/T)*ktr)]; ktr = 0.01 for low
NOXx; ktr = 0.1 for high NOx
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(M This CO; is to balance carbon. The reason for the carbon balance issue is that the coproduce of GLYX is the MCMv3.3.1 species HYPERACET
(CH3CHOCH20O0H). Perhaps hydroxyacetone (HAC) is a better proxy for this product. (From Chris Miller). Its not that hard to include HYPERACET
in the simulation if you want to be really pedantic. The main two pathways look like reaction with OH and photolysis, using the MEK photolysis rate
http://mcm.leeds.ac.uk/MCM/browse.htt?speciessHYPERACET. (KRT, future work can address this, or we can use future Caltech recommendations).

© Carbon is not balanced. This is just a placeholder reaction (It forms a >C2 organic acid). The real structure is much more complicated, but not really

worth including in a reduced mechanism.

Table 3- Updated Monoterpene-related Reactions to be added to GEOS-Chem

. Old Rate Reference New Reaction New Rate Constant | Reference
Old Reaction
Constant
API/APIO2 Reactions
Reaction and No Change No Change No Change
Rate: Roberts
APIO; + HO» 1.50E-11 and Bertman
(1992)
Reaction: APIO2+NO = 0.82HO; + 0.82NO; + No Change Reaction: Browne et al.
APIO2+NO = 0.82HO, + Atkinson and 0.23HCHO+ 0.43 RCHO + 0.11 ACET (2014)
0.82NO; + 0.23HCHO+ 0.43 Avery (2003) + 0.44MEK + 0.07 HCOOH +
RCHO + 0.11 ACET + 4.0E-12 Rate: Roberts | 0.12MONITS + 0.06MONITU Rate: Roberts and Bertman
0.44MEK + 0.07 HCOOH + and Bertman (1992)
0.180ONIT (1992)
Reaction:Brow | APIO; + MO; = HO; + 0.75HCHO + No Change Reaction and Rate: Roberts
APIO, + MO, = HO, + ne et al. _ 0.25 MOH + 0.25 ROH + 0.75RCHO + and Bertman (1992)
3.56E- (2012)? Rate: | 0.75MEK
0.75HCHO + 0.25 MOH +
14exp(708/T) Roberts and
0.25 ROH
Bertman
(1992)
APIO, + MCOs = 0.5HO; + Reac.tlon and No Change No Change No Change
7.40E- Rate: Roberts
0.5MO; + RCHO + MEK +
RCOOH 13exp(765/T) | and Bertman
(1992)
Reaction and No Change No Change No Change
APIO; + NO3 = HO; + NO. + 1 20E-12 Rate: Roberts
RCHO + MEK ' and Bertman
(1992)
_ 1.21E- Reaction and No Change No Change No Change
AP +OH = APIO, 11exp(440/T) | Rate: IUPAC



http://mcm.leeds.ac.uk/MCM/browse.htt?species=HYPERACET

Web version

Jan 2010
_ Reaction: No Change 5.0E-16*exp(-530/T) | Reaction and Rate: Atkinson
API + Og = 0.850H + 0.1HO; Goliff et al, and Arey (2003)
+ 0.62KO; + 0.14CO + 5.3E-16%exp(- (2013)
0.02H,0;, + 0.65RCHO + 530/T) Rate: Atkinson
0.53MEK et al. (2003) ?
Reaction and No Change 8.33E-13exp(490/T) | Reaction: Atkinson and Arey
_ Rate: Atkinson (2003)
QS:)T_NN 8 3= 0.10LNN + 12];35_( 490/T) and Arey Rate: Average of a- and B-
' (2003) pinene values in MCMv3.3;
See Fisher et al. (2016)
LIM/LIMO2/PIP Reactions
4.02E- Seacti(c;nI Iandd No Change 4.20E-11exp(401/T) Samebr?ferer&ce abs the old
_ T ate: Gill an rate; believed to be a typo in
LIM +OH = LIMO; iél?')lf)p(- Hites (2002) the old rate
LIM + O3 = 0.850H + Reaction and LIM + O3 = 0.850H + 0.1HO, + No Change Same reference; believe to be
0.1HO, + 0.62KO; + Rate: Atkinson | 0.16ETO; + 0.42KO; + 0.02H,0; + a typo in the old reaction
0.02H,0, + 0.14CO + 2.95E-15exp(- | and Arey 0.14CO + 0.46PRPE + 0.04HCHO + product yield
0.46PRPE + 0.04HCHO + 783/T) (2003) 0.79MACR + 0.01HCOOH +
0.79MACR + 0.01HCOOH + 0.07RCOOH
0.07RCOOH
Reaction: LIM + NOz = 0.50LNN + 0.50LND No Change Reaction: Fry et al. (2014)
Spittler et al. Rate: Atkinson and Arey
LIM + NO3z = 0.710LNN + 1.92E-11 (2006) (2003)
0.290LND ' Rate: Atkinson
and Arey
(2003)
Reaction: Ito et | LIMO, + NO = 0.686HO, + 0.78NO2 + | No Change Reaction: Browne et al.
al. (2007) 0.22MONITU + 0.289PRPE + (2014)
_ ONIT yield; 0.231HCHO + 0.491RCHO + Rate: Roberts and Bertman
LIMO; + NO = HO, + Atkinson and | 0.058HAC + 0.289MEK (1992)
0.65NO- + 0.350NIT + 4.0E-12 Arey (2003)
0.05PRPE + 0.43HCHO + ' Rato:
0.68RCHO + 0.07HCOOH Fbérts and
Bertman
(1992)
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Reaction and No Change No Change No Change
_ Rate: Roberts
LIMO; + HO, = PIP 1.5E-11 and Bertman
(1992)
LIMO; + MOz = HO; + Reaction and No Change No Change No Change
0.192PRPE + 1.04HCHO + 3.56E- Rate: Roberts
0.308MACR + 0.25MOH + 14exp(708/T) | and Bertman
0.25ROH (1992)
LIMO; + MCOs = 0.5HO, + Eg{;\:ﬁ[lon and No Change No Change No Change
0.5MO; + 0.192PRPE + 7.40E- Fbe;rts and
0.385HCHO + 0.308MACR + | 13*exp(765/T) B
0.5RCOOH ertman
(1992)
Reaction and LIMO; + NO3z = HO, + NO; + No Change Same reference, but replaced
LIMO; + NO3 = HO2 + NO + 1 20E-12 Rate: Roberts | 0.385PRPE + 0.385HCHO + RCHO and MEK with PRPE,
RCHO + MEK ' and Bertman 0.615MACR HCHO, and MACR.
(1992) ?
_ Reaction and PIP + OH = 0.490H + 0.44R,0; + 3.4E-12exp(190/T) Reaction and Rate:
PIP + OH = 0.5APIO, + HO, | 3.8E- D T o -
+ 0.5RCHO + 0.5MEK 12exp(200/T) E&ZaTtS.?)Ito etal. | 0.08RCHO + 0.41MEK Goliff et al. (2013)
OLNN/OLND Reactions
_ Reaction and OLNN + NO = HO; + NO2 + MONITS | No Change Reaction: Browne et al.
8kI'I\ITN tNO=HOz+ NO2* 1 e 10 Rate: Goliff et (2014)
al. (2013) Rate: Goliff et al. (2013)
OLND + NO = 2.0NO; + Reaction and No Change No Change No Change
0.287HCHO + 1.24RCHO + | 4.0E-12 Rate: Goliff et
0.464MEK al. (2013)
Reaction and OLNN + HO; = 0.7MONITS + No Change Reaction: Browne et al.
_ 1.66E- Rate: Roberts | 0.3MONITU (2014)
OLNN +HO; = ONIT 13exp(1300/T) | and Bertman Rate: Roberts and Bertman
(1992) (1992)
Reaction and OLND + HO; = 0.7MONITS + No Change Reaction: Browne et al.
_ 1.66E- Rate: Roberts | 0.3MONITU (2014)
OLND +HO= ONIT 13exp(1300/T) | and Bertman Rate: Roberts and Bertman
(1992) (1992)
Reaction and OLNN + MO; = 2.0HO; + HCHO + No Change Reaction: Browne et al.
OLNN + MO; = 2.0HO, + 1.60E- I —— PPy
HCHO + ONIT 13exp(708/T) Rate: Roberts | 0.7MONITS + 0.3MONITU (2014)

and Bertman

Rate: Roberts and Bertman
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(1992) (1992)
OLND + MO; = 0.5HO; + Reaction and OLND + MO; = 0.5HO; + 0.5NO; + No Change Reaction: Browne et al.
0.5NO; + 0.965HCHO + 9.68E- Rate: Roberts | 0.965HCHO + 0.93RCHO + 0.348MEK (2014)
0.93RCHO + 0.348MEK + 14exp(708/T) and Bertman + 0.25MOH + 0.25ROH + 0.35MONITS Rate: Roberts and Bertman
0.25MOH + 0.25ROH + (1992) + 0.15MONITU (1992)
0.50NIT
Reaction and OLNN + MCO3 = HO, + MO; + No Change Reaction: Browne et al.
OLNN + MCO3 = HO+ MO, | 8.85E- Rate: Roberts | 0.7MONITS + 0.3MONITU (2014)
+ ONIT 13exp(765/T) | and Bertman Rate: Roberts and Bertman
(1992) (1992)
OLND + MCO3 = 0.5MO; + Reaction and No Change No Change No Change
NO; + 0.287HCHO + 5.37E- Rate: Roberts
1.24RCHO + 0.464MEK + 13exp(765/T) | and Bertman
0.5RCOOH (1992)
Reaction and OLNN + NO3 = HO; + NO; + No Change Reaction: Browne et al.
OLNN + NO3z = HO2 + NO, + 1.20E-12 Rate: Roberts | 0.7MONITS + 0.3MONITU (2014)
ONIT ' and Bertman Rate: Roberts and Bertman
(1992) (1992)
OLND + NO3 = 2.0NO, + ﬁg?gfuggbaer;?s No Change No Change No Change
0.287HCHO + 1.24RCHO + 1.20E-12 R
0.464MEK and Bertman
(1992)
Reaction and OLNN + OLNN = HO, + 1.4MONITS + | No Change Reaction: Browne et al.
OLNN + OLNN = HO; + 7.0E- Rate: Roberts | 0.6MONITU (2014)
2.00NIT 14exp(1000/T) | and Bertman Rate: Roberts and Bertman
(1992) (1992)
OLNN + OLND = 0.5HO; + Reaction and OLNN + OLND = 0.5HO; + 0.5NO; + No Change Reaction: Browne et al.
0.5NO; + 0.202HCHO + 4.25E- Rate: Roberts | 0.202HCHO + 0.64RCHO + 0.149MEK (2014)
0.64RCHO + 0.149MEK + 14exp(1000/T) | and Bertman + 1.05MONITS + 0.45MONITU Rate: Roberts and Bertman
1.50NIT (1992) (1992)
_ Reaction and OLND + OLND = NO3 + 0.504HCHO + | No Change Reaction: Browne et al.
(?Emé.%ﬁti El“F'%HB , | 2.96E- Rate: Roberts | 1.21RCHO + 0.285MEK + 0.7MONITS (2014)
0.285MEK ' 14exp(1000/T) | and Bertman + 0.3MONITU Rate: Roberts and Bertman
' (1992) (1992)
MONITS/MONITU/HONIT
Reactions
- MONITS + OH = HONIT 4.80E-12 Reaction and Rate: Browne et

al. (2014)
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- MONITU + OH = HONIT 7.29E-11 Reaction and Rate: Browne et
i i al. (2014)

- MONITU + O3 = HONIT 1.67E-16 Reaction and Rate: Browne et
i i al. (2014)

MONITU + NO3z = HONIT

3.15E-13exp(-448/T)

Reaction and Rate: Fisher et

al. (2016); This is the same
rate constant as used for
nighttime isoprene nitrates

MONITS + NOz = HONIT

3.15E-13exp(-448/T)

Reaction and Rate: Fisher et

al. (2016); This is the same
rate constant as used for
nighttime isoprene nitrates

- HONIT + OH = NOs + HKET Same as HNO3; + OH | Reaction and Rate: Browne et
i i al. (2014)
Photolysis Reactions

Reaction and No Change No Change No Change
PIP = OH + HO, + RCHO J(H205) Rate: Goliff et

al. (2013)

- MONITS = MEK + NO, JONIT1)@ Reaction and Rate: Browne et
] ] al. (2014)

- MONITU = RCHO + NO, JONIT1)@ Reaction and Rate: Browne et
i i al. (2014)

- HONIT = HKET + NO; JONIT1)@ Reaction and Rate: Browne et

al. (2014)

@MCM tert-butyl nitrate photolysis cross-section, divided by 3 due to the hydroxyl group (Roberts and Fajer, 1989).
Note: Roberts and Bertman (1992), Atkinson and Arey (2003), IUPAC Web Jan. (2010), Gill and Hites (2002), Spittler et al. (2006), and Ito et al. (2007)

were incorporated into Goliff et al. (2013).

Aerosol Uptake

Species Gamma Aerosol Type | Reference

IEPOX = SOAIE EPOXUPTK® | inorganic? Gaston et al, 2014

IMAE - SOAME EPOXUPTK?® | inorganic? Lin etal., 2013; Pye et al., 2013; Marais et al., 2016
GLYX = SOAGX 2.9E-3M inorganic? Marais et al, 2016

MGLY > SOAMG 2.9E-5 inorganic? Marais et al, 2016

LVOC = LVOCOAd 1.0 inorganic? Krechmer et al., 2015; Marais et al., 2016

ISN10OG > ISN10OA® 1.0 inorganic? Ng et al., 2008; Rollins et al., 2009; Marais et al., 2016
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ISOPNB = ONITAamf SE-3
ISOPND = ONITAam’ 5E-3
MACRN = ONITAam SE-3
MVKN = ONITAam SE-3
R4N2 = ONITAam SE-3
ISN1 = ONITAam 5E-3@
DHDN = ONITAamf SE-3
MONITS = ONITApm 1E-2
MONITU = ONITApm 1E-2
HONIT = ONITApm 1E-2

@Only for relative humidity greater than 35%.

®First-order particle phase reaction rate. K_HPLUS = 3.6E-2, K_NUC = 2.0E-4, K_HSO4 = 7.3E-4, HSTAR = 3.3E7.

©MEPOX in Marais et al. (2016). At pH < 4 MEPOX uptake is calculated as 30 times slower than that of IEPOX. At pH > 4 MEPOX and IEPOX uptake
are assumed equal (but they are then both very low). IMAE is a minor isoprene SOA component (<0.1% mass yield), so the gas-phase chemistry for
IMAE formation is not included in the standard mechanism.

@Low volatility non-IEPOX oxidation product of ISOPOOH (Cs-LVOC in Marais et al., 2016).

©Low volatility second-generation hydroxynitrate formed from the ISOP+NOj reaction pathway (NT-ISOPN in Marais et al., 2016).

MAlternate representation of ISOPNB, ISOPND, and DHDN aerosol uptake is by reactive uptake using Henry’s Law constant of 3.3E5 M/atm for all 3
compounds and aqueous-phase hydrolysis rate of 1.6E-5 s** for ISOPNB and 6.8E-3 s for ISOPND and DHDN (Hu et al., 2011; Jacobs et al., 2014).
Resultant mass yields are <0.01% for ISOPNs and 0.05% for DHDN in the Southeast US in summer 2013 (Marais et al., 2016).

©@ Jenny Fisher: This is what | used, but is this double counting the ISN1OG - ISN10OA above? Or maybe not as ISN1 is 1st generation product of ISOP
+ NO3 while ISN10OG is second(?)?

Eloise Marais: ISN10G is second generation. My impression from Rollins (2009) and maybe also Ng et al. (2008) is that most ISOP+NO3 aerosol is
from second-generation products.

Jenny Fisher: I don’t see why this would apply only for ISOPN(B/D) + DHDN — wouldn’t something similar apply for other organic nitrates species
(MACRN, MVKN, R4N2, MONITS, MONITU)? Eloise might be able to advise on appropriate parameters here.

Eloise Marais: I parameterized MACRN, MVKN, and other organonitrates following the same approach, but don’t include them here. When I developed
the mechanism, I could not find hydrolysis reaction rate constants to parameterize all organonitrates. You constrained their uptake with measurements, so
my approach may under/overestimate these. For ISN1OG uptake | set gamma to 1 (i.e., assume aerosol precursors are non-volatile and so all partition to
the aerosol phase).

M This is the daytime value. Nighttime value is 5E-6.
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